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Method of detection of polymorphism and loss of heterozygosity 
in a lung tumor suppressor gene 

Allelic dcleUo« on cto»n»som. S w«. »-y»d in microdiss«.d hum» -o"""-^' 

^onal iZh node m««tt«s v«r. inve«ig«»l for l<»s of ^oz^ty (U)H) n, 

^7 w« '0 chromoson^l region 5p.3-.2 by FISH AlleUc dd«.ons 

' . .„„. in sauamous ceB rarcmomas than m 

encompassed larger genomic regions more o«en m squamu i„„.^,h,h. 

adenoLnomas. Thedel-iT and APC regions were identified as n™d.s.n»,«^o™™*U» 
Mghes. LOH ft^iuendes wi*in 5p.5^2.. In s,»«nous ceU 

w« 73% at the dd-27 «»1 70./. at .he APC locus. In .denocan»omas U)H « U« de!.27 
Ta^ lod occurred in 3S% of *e infbnna*. case^ AUelic del«ion of U« APC gen.^ 
a. *e dd.27 locus »as also deleted in U« meususes. H».. r«ults suggest involvement of 
M least two tumor suppressor genes from chromosome 5 in lung tumongenesis. 

Introduction 

:„.«iv.don of tumor suppress, gene, app«. to be the pr«iominant ^J^^ 
many solid tumors. In carcinomas inactivation of known ««»or suppressor ge»s ■ndud« 
deletion of alld. and mutation of the remaimng allele or 

.Mes « 1994;. To d«e, tumor suppressor g«». p53. Rbl. mSl »d mS2 

were found tfb. inactivated « a »^ VO^o. of hmg -™ <™f^ « f, 
,m- Hariear « al. m.,- S^fro et al. 1995; » « 1. 1995/ The MTSl «.d mS2 
genes seea to be prrfi«nti.Uy lost by homozygous deletion on chromosome 9p (Kami.et al. 
1994; The p53 «unor suppressor gene on chromosome Hp and the Rbl tumor suppressor 
gen. on chromosome 13, are Irequemly inactivated by alldic deWon combmed vnU. 

Lt-ion, in the r«n«ni.g alld. « l^^^.' « 7"^^ 

lung cancer (NSCLC), whi* is the most common type of lung c^cer ^ 
detected as loss of heterozygosity (LOH) were reported for multvl. chromosomal «m 
(SMUU « al. 1994,- &«» « d. 1994;. This indicate, inactivation of s«^ tumor supp«^ 
genes in lung «imo,ige.esis and progression. («, ov«all U)H mcide„c« were higher 
m squ^nous cdl caLmas than in adenocarcinomas (Sa,o e, al. .994/ Mor.xxtensn,e 
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-analyses to detennine homozygous and allelic deletions in ^^CLC l.ve b^^^^^^^^^ 
T 1 K.r.AQ This led to the delineation ofaininiinal region ofloss at 9p21, Where 

chromosomes 3. 5 and 9. Tbs led to ° have been 

the MTSl and MTS2 genes are located (Merlo et al. I'^V- ^ 

tne Miai wiu e mutative tumor suppressor genes mvolved m 

1994/ 

-urfJr deletion of the known tumor suppressor gene APC at 5q21 was 

1994. /•<»«««i. / ";..^^rtal 1995/ Chromosoiml region 5q33-35 
tumor involvement of regional lymph nodes (/•»««»'•■ ' -Msnr /Ha<« et al 
is con^dered another target of ir«,uen. alleiic ddetton n. «lv»ced ^ f^'^ '^^ 
,994) There v™. rec««ly i<l«..ifi«l « region on ehomosome 5 proxtmal '» ^PC g». 
riaZ^ put«ive Lor suppre^or locu, dd.27 (WleK^'^B^- ^^^^ 

«;nn 12 LOH at the del-27 locus occurred frequently m Doin. squiim 
5pl3-12. LOH at tne polymorphic microsatellite markers m 

adenocarcinomas of the hmg. f^^l^^"'^*, j^^^ and APC 

addition to polymorphic sites at the del-27 and APC loo, cieany luen 
Cnastv^oZin^tregionswiththehighestLOHfre^^^^^ 

SnirTT f'***^ pvention 

The invention compd^. . method of d«ection of P''^^:;!^.''!'^^ 
i„...ehn«.u«„r»ppres^rgen..o<»J-.*^^ 

charaetetized by GeneBank sequence M99nl. sad 'T" * ^-.^^r^^TTCAS' 
h„m.nc.U.p.cim«»using..p«*"th.oBgonudeo.Kl«50AT^^ 

(SEQlDN01).nd/orSCAGTAAATGGTGCTTGGA3-(SEQn>N0.2). 
P^ly.Ute probe, are used .sprim.r,fbrmappingin.po.,m.r.s.ch»nre.«ion. 
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" Results 

Localization of del-l? to chromosomal «gion 5pl3.12 by BISH analysis 

Previously, the del.27 sequence was mapped to chromosomal region 5pl3.5ql4 proximal to 
the APC tumor suppressor gene at 5q21 using a somatic cell hybrid panel (Wieland and 
B6hm, 1994;. The chromosomal localization of the dd.27 sequence obtained by somatic ceU 
hybrid mapping was independently confinned and refined by HSH. Metaphase spreads from 
normal human lymphocytes were examined for specific hybridization signals using PI clones 
of the del.27 region as hybridization probes. Signals were considered to be speafic. if th^ 
were deteaed on each chromatid of a single chromosome. With PI clone 5234 specific s.gn^s 
were detected in 44 of 50 metaphases examined (88%) and with PI clone 5235 specific 
hybridization was observed in 22 of 25 metaphases. In each case the hybridization signals were 
located in the proximal region of the short arm of chromosome 5pl3.12. 

LOH in primary NSCLC 

Using the del.27 sequence as a restriction fragment length polymorphism (RFLP) probe we 
recemly showed frequent LOH at this locus in a smaU sample of squamous cell lung 
carcinomas (Wieland and B6hm. 1994/ Introducmg microdissection to speafically isolate 
tumor ceUs from tumor biopsies in conjuncUon with polymerase chain reaction 
us to study LOH on a larger number of lung carcinomas. In this study 53 primary NSCLC 
consisting of 38 squamous ceU carcinomas and 15 adenocarcinomas, and 5 regional lymph 
node metastases were investigated. Four primary tumor biopsies were not microdissectable 
because they were heavily infiltrated with leukocytes. LOH at the del.27 locus was determined 
by PGR based single-strand confonnation polymorphism (SSCP) analysis of the del-27 
polymorphic HindlH site. LOH at the del.27 polymorphic site was detected in U of 15 (73%) 
primary squamous cell lung carcinomas and in 3 of 8 (38%) primary adenocarcinomas (T^le 
1). LOH at the polymorphic Rsal site in exon 1 1 of the APC gene occurred in 14 of 20 (70%) 
squamous ceH carcinomas and in 3 of 8 (38%) adenocarcinomas (Table 1). 

To investigate LOH at additional loci in chromosomal region 5pl5-q21 five polymorphic 
microsatellite markers were included in the LOH analysis. These genomic markers are located 
in the order D5S630. D5S491. D5S637. D5S626. D5S644 on human chromosome 5 (Gyapay 
et al. 1994;. Marker D5S644 is closely linked to the APC gene on 5q21. and marker D5S637 
is located on 5ql2 (modarska et al. 1994/ Markers D5S637 and D5S626 are both lost m the 
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Muu'A rMi 1414 that contains a human chromosome 5 with an 

0» shon «m (dau not sho«n). '^^^ly^rpUc »»s. LOH frequencie, using 
the polymoiphic tracrosatellites ranged ftom 38-7(r/. in sqiuim. 

40% in adenocarcinomas (Table 2). 

in ^^gicn 5P.5.5,... m "^-o- 'J^^-^';^ ."^'^^ ^ U« APC «gion .u. not the 
n.ridng loci. In c««non» F7. LOH -^^^ c«cinon»m 

ioci asking del.27. LOH n.vo,™g .■^TTi^o^To^ in P1S.PI4. ««1 
«h«e.,U)Hin,h. APC r^onbut no»t4.JW.Wl^o»«^ 

the relevant loci del-27 and APC. 

LOH in NSCLC metastases 

• ri^CLC cases a lymph node metastasis showed LOH at the dd-27 
InoneofthreemfonnauveNSCLCcaj^a^^^^ gene and of markers pro«mal to the 

.ocusbutnotatthe APClo^s^^^^^^^ 

APC gene were observed « j^^^^^^ ^^^^ ^est in the corresponding 
cdUs. 

Digcussion 

obscured by contanunatmg normal stromal ceu» « 
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,992- « al 1993;. This n«y «pi™ in p»l the discrepMci« b«»«n LOH fr«,ue»ci« 

,994.- e, 1. 1994; Fong « .1. 1995J. b &«, we dcecud LOH « .h. dd.27 locus m 

1 h.« ««nor (P29) ,y ^ >^ ^ ^ P-ous^y W "^'^V^- 

dd.27 locu, on ch^mosom. 5 w» d««nnn«i by PCR b««l SSCP ».ly». Orm «^ 
,989;, This m«hod d««.s . single b«e polymorphism in U,e p««ously desmW 
pol,mon>hi= Mndm si.. « U» dcl.27 locus .nd i, also s^siOv. «»ugh » mvesu^e U3H » 
JTsoL «.mor cdls. To inves6g«. «c loss flaking rtc del-27 ™d APC loa on 
chromosome 5pl3..2 »d 5^1. respectively, .Aitr^ily chosen polymon>hc 
markos were used. The mm «lv»»ge of th.«i simple repeat se,u»K« .s that they are 

his^ypolyn^rphic ^^^'^^^Z^)-^^"^^^ 
to expansion or contraction in some types of cancer tn 
L L appear to be in»«,u»« on chromosome 5 <Pelu^ e. .1 1993 unpubbshed 
ZZ. Z r-^ -i»<^»»Be of niicrosateilite m-kers is that PCR »p^dicaUon o^ 
result, in sUggered bands a™, care must be taken « int«pr««>g LOH re«d.s If a 
^«ozygous Sndition in the matcWng „onn- celU wa. not dearly id^ttSable we .«du^ 
such a 1 nor^informative. This m., expi«n the lower .h». report^ "^^^"2 
(Gyapa, et d. 1994; of our NSCLC cases when using the microsatelbte markers. I. .s riso 
possible that geographiod dHTerences in heterozygosity rates odsl at these loa. 

Souamous cdl cardnomas showed higher LOH ft«,ue»cie. a. most loci »»lyzed «i th^ 
.L h«i mo« attended aUelic ddedons th«, «tenoc.rcinom« of the lun^ Wj^«p«.d lo« of 
3p »ui 5, was also Ibund in most smdl cdl lung carcinoma (R-«* « 1. « 

1995;. MTerem p.n«ns of dlelic deletion were previously described on ch«,nK«ome 3p «. 
NSCLC- Squamous ceU cardnomas mainly showed monosomy of 3p whereas 
ZLla. had rel^iveiyi^uentp-tia. deletions rro.^^al. ^^^^ 
,h. idendflcation of ^.o commonly del«ed region, on 3p in ^lenocaronomas. -^ "^ 
Mic ddedon patten- of s<,u«nou. cdl cardnomas ami .de««.rcmomas .nay .nd,c,ejto 
different mutatioMl med»nisms are prevalent in the Wstological subtypes of hmg c.ranom»_ 
AHemaivdy. certain ge«s may be affect«l .. di&ren, f>t^» » '^'^ 
cardnomas and adenocardnomas of the lung as has been shown for the K-ras gen. (B«. 
1989; and for E-cadherin 0ehm et al. 1994;. 
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-I„ chromc^™^ r^n 5pl5.,21 LOH lr«,u»cies highea a, del-27 (5pl3-12) ^ 
^^75,2.) .00, in L,«d NSCI^s. TO. »gg«» close IWcgc to .wo po.«u^ 
»ppLs»r g«. lod o. chromo^m. 5 tavoW»i in U»g «nnong«,«.s. In pr«»m 
H iSh « 5, w« found «. be more — in advanced *an earty s«g. i^ 
camnoma. suggesUng tot in«:tiv.tion of a pu«tive ton,or suppressor gene on 5q ma, be a 
r:^r!L.nU«progres.o.of.».gc«««<7>'.»-coe.a...992;^^^^^ 
Fo^ e. - 1995;. our LOH resulu a, *e APC locus app»ir to confinn ttas flndmg. In ttaee 
T^IJ.. NSCLC c^e. .Heiic de^ion of U» APC gen. was ^-^^^^^ 

result, a. the dd^7 locus. LOH of the APC tumor suppressor gene «p«r.«. for 

some solid u»«,rs other colorectal carctaomas mm«, et al. 1992; Hon, et .L 1992, 
ZZ an^B^ 1994; //<«« « 1. .994;. Howe«r. IX)H combined w..h mut^om, ,n 
1 mutation cK^ter of the APC g«» was o^ inMu««.y '^^''^^^2 
al 199y esophageal (P<mtt .t al. 1994; »>d ovarian c«k« (Allm et .1. 1994;. Whett»r the 
ai. i!«.y,esopraiisoui carcinomas than m colorectal 

APC gene te inactivated ro a different manner m uiesc 

ccinfmas, or whether mut«ions occur spedficaUy in the met.s.«.c cdls 1» not b«. 

It ia. therrfbre. no. dear whether U« APC g«« or a dosly hnked gene the 

relevant tumor suppressor gene for these types of cancer. 

Cytogcn«icaH«..ons^*e^-^^~-^^ 
cen and smaDceU lung catdnomasfJftoirPwgW"- 

ZZTTm) Fre.^ LOH on the short arm of ch,»««ome 5 has no. been rq»rt«l « 

~\Z.o;norphicsitesinNSClC.Incon.r.s..o«bitr..i.ys^^^ 

del.27 ^uenc. was isol^d by g«.omic diffe«nc doning to 

seauences homoiiygoudy deleted in a h»g cardnoma cdl Udc (ffHUmd et al. 1992;. 

^IinZn. to tumor cdU are of particular imeres. when seardung for putattv. 

Homozygous oeieno a«v tend to be mod. smaller than alldic ddetions. to 

r:rr=^tZr.ae.e.nso.ct.ond.mo«»«9pw^^^^^ 

and urn genes are l<«-ed <.^^^^ ^rii^^^Zrllr.:^!:^ 
occur in 5-10% of lung carcinomas (B(5/«w et al. IWJ, nam 

homozygous ddetions on '^^t^^n:Ltc^<^l.tgr 
reported: A hom»ygous ddedon on c^om««n^3p2^ ^ ^ ^ 

Clya<^^h7u)ai1>.<^u.n.LOHat.hede.-27,ocus™^^^^^ 

2 the homozygous dd«ion ide«ifi«i in a lung cacmom. cdl Ime f.K,.tef et^. 1992; 
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su8g»u. that dd-27 is locau=d close to . novel puudve tumor suppressor gene oa the short 

ann of human chromosome 5. 

Materials gnd methods 
Fluorescence in situ hybridization 

TWO hun^n P. done, (P. 5234 ^ PI 5235) cornering the ^'f-^ ^^^^' 
conunerddly isol«.d by Genome System,. Inc. (St. Uuis. M«»ur. USA). Tte ««« W 
done, were nick «»sUt«i using digoxigenin-ll^ (Bodmnger M»nhem.) for nSH 
.^lysis »d h,bridi«d to nomul m«.ph«e spread, in indepo»ta« exp.nm»^ 
Chromosome prepsnuions were obt«»«i ftom pl„toh«n.ggl»tmm-s,m.J««l normal 
pSh.r.1 blood .^Phocytes culture, for 72 hour,. To induce R-b^ding. tta cultures 
^ni«d withZidine sfter 4S hour, incubated overmght « 37 X «d t«^^ 

^mod«»,uridin. .he n«tt morning, dunng the lin.1 1«. S-ph.,^ -M ^6 ^ 
l«e, (Jacfy. ^m■ h-veas »d slMe prepanmon, ^ ^<^J2 

^ Ihod,. The »lde, were stor«i « -.0-C bdi« '^^^^^^ " 
hybridization to m«aph.» chomosome, wa, p«fcn««i as described (TM « .1 1986/ 
B^y. the sUdes J. denatured for 2 min in 70./. fo,««nide/2.SSC (pH 7.0, .. 70 C and 
dehyLted in ice coM «h.no.. digo»g«» labeled probe. (SO-100 n^ were d..sol«d m 
hyJidizadon mixture (50-/. fom-mide. .0% dex«n »lMe. 2:.SSC p.« 1 « s^ 
sperm DNA as c»rier). den«ured a. 75-C for 5 mm «Ki ^hed to tf« ^ 
HybridizL»™,-lowedtoproc.«lovenigh.inahumidch»nb.r«37X.TVshdesw.re 

!Ld a, recomnK^ied in the digoxig«>in detecdon Bt (Oncor). Probe d«e«.on w« 
accompli**! b, incub«ion with the FnC»ti-digoxig«to cor>,ug«e (5 ^gM. Oncor). T*. 
slide, were mounted i. . modified -ttiftde «A..ion (Umieux et 1. 199?) couBumng 0.01 
^gW propidmm iodide a. coumersUdn »d e»mi«d with a Zds, Axiophot ^^'^ 
I^SpropLeUV-fflter combinations. The slides were photographed with «.at^^ 

fihn(Kodalc). 
Tumor specimens 

Tumor biopsie, from lung c»«r P«iem, «« coll.c.«l "d proc^ as d^^ 
previously (B^ e, .1. I994J. From hem«oxyiin^ stained cryoaa. ""o"' ^ ' 
islet, of 20-50 tumor cell, were microdis«c.«l under a «ereondcroscope (B«fe» '^'^^^^J' 
Three to five microdissected tumor cdl isleu. comaining « least SO-/. «mK,r,cdl. were 



wo 97/25442 



PCT/EP97/00060 



-8- 



-analyzed from different tumor regions. DNA was prepared by proteose " 
d Jribed meland et al. 1992; B6hm et al. 1993;. DNA from the microdissected tumor 
frrfror^rmal lung tissue and blood leukocytes was amplified by PCR and fruther 
analyzed by SSCP or denaturing polyacrylamide gel electrophoresis. 

PCR amplifications 

For n«pptag ««lysU of -mcroMtdlite nariccn. DNA of the bun»./rod«.t som«ac cdl h^d 

GM 4 7 r XP13;<.»)) <^ ftom *. NIGMS H««»n Genetic Mu«., 
3or<^eru,l;; (C^ N,. USA). Fo, PCR »pB«c.ti» of 
Lt<«sLedl„r,p.ci™.n,DKAof4.o,0c.Usw«u«d.^p..»^.^^ 
^ /ar.-.w et al 1992; B6hm et al. 1993;. Pruner sequences 

^GA^l^^GG^C^A^/^' (io in NO:.) »d yCAGTAAAT«0TGCrT0GA3. 
^'r:o^s^ec.e..o™.he.CO..s«.ue^ 

cycle conditions were 45 sec at 94 C, 45 sec «t w ■ nu 

L ^aenstan step of 7 »in « SSCP w» P«fcnn«^ ^ 
^ sue in Z>^ 200 bp PCR product is not 

sequence, for 5p,5^, nticn»«d.ite nwker. D5S630. ' """^"^^^^^ 

d7s644 were ^ descriW (Qyapay et .L .994^. Pnmer s«s "'^^ 'f J^^J^ 
included to duplex PCR.. Cycle conditions for dl five pnmer sets -«re 45 sec « 94 C 45 sec 
inciuoeoinoupiciri, j j . <;„n „:„ »t 72- c PCR products were checked 

at 60 -Clmin at 72 -C for 40 cycles and a final 7 mm at 72 i..ri.K.prQa 

L 2-3% agarose gel. «rf amher «»lyzed by denaturing poly«=o*«»'d« f electropho«».. 
^ ^^^ locus (. R»l polyn-rpWc »te in «<on 1. of the APC gen.) was 
carried out a. described (mekmdmlSehm. 1994/ 

SSCP and denaturing potyacryUniide gel elecln>pIio>«is 

For SSCP aniysis of the 200 bp PCR product ftom ti» del.27 region 2^ 
...plification rLion were denatured in U loading buffer (lO"/. fi.nna«.de 5^ NaOft 
,1 mtK IX gd loading buffer ID; (Sa^trook » .1. 1989;) fbr 2 .nn. « 95 C »d 
.^hed on ice. seniles were dec.rophore,«i on Ix MDE ^y^^^l 
Bioch«n. Malvern, PA U.S.A) to Ix TBE bufi^ (90»M ^"^^iTv u^Z«« 
constant 6 w«t for 15 hour, at 20-C. From ampliEed mtcrosadhtes 5-7 m PCR -«po.es 
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were 
as 



denatured and separated by electrophoresis in denaturing 8 M urea/polyacrylamide gels 
described (m/te. 1993;. Polyacrylamide gels were silvcrstained as described (TWii/e. 1993;. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

""(A^N^E; BOEHRINGER MANNHEIM GMBH 

(B) STREET: Sandhofer Str. 116 

(C) CITY: Mannheim 

(E) COUNTRY: Germany 

(F) POSTAL CODE (ZIP) : D-68305 

(G) TELEPHONE: 08856/60-3446 

(H) TELEFAX: 08856/60-3451 

(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING f^TEM: PC-DOS/MS-DOS ^^.^^ .^^^ ^^^^^ 

(D) SOFTWARE: PatentIn Release wx.w, 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE type: ^ther nucleic acid 

(A) DESCRIPTION: /desc - primer 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GATTTGAGGG TCATATTCA 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "primer 



19 



PCT/EP97/00060 

WO 97/25442 

- 13- 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

18 



CAGTAAATGG TGCTTGSA 
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Patent Claims 

1 . Method of detection of polymorphism and/or loss of heterozygosity in the lung tumor 
suppressor gene located in chromosomal region 5pl5-q21, its locus being characterized 
by GeneBank sequence M99171, said method being characterized by mapping human 
ceU specimens using as probes the oligonucleotides 5'GATTTGAGGGTCATATTCA3' 
(SEQ ID N0:1) and/or 5'CAGTAAATGGTGCTTGGA3' (SEQ ID N0:2). 

2. Method accordmg to claim 1 , wherein said probes are used as primers for mapping in a 
polymerase chain reaction. 

3. Oligonucleotides 5'GATTTGAGGGTCATATTCA3' (SEQ ID N0:1) and 
5'CAGTAAATGGTGCTTGGA3' (SEQ ID N0:2). 
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